Matched patients who test positive or negative for human immunodeficiency virus (HIV) who are undergoing comparable operations have similar complication rates and outcomes.
H
IGHLY ACTIVE ANTIRETROviral therapy (HAART) has transformed infection with human immunodeficiency virus (HIV) from a disease leading to rapid decline and early death into a chronic, manageable condition. Successfully treated patients have higher CD4 cell counts and lower viral loads, permitting healthier lives and longer survival. [1] [2] [3] Consequently, many HIV-infected patients elect to undergo surgical procedures to correct physical ailments that would not have been treated previously, and undergo operative interventions in lieu of medical therapies for certain conditions.
Before HAART, series with HIV-infected patients undergoing operative procedures reported conflicting results. Human immunodeficiency virus-infected patients had more complications, including more perioperative infections, impaired wound healing, and greater mortality, 4, 5 and these results were deemed justification to withhold surgery in certain circumstances. 6 Other studies disputed these findings, including in patients undergoing laparoscopic surgery, 7 anorectal surgery, 8 endoscopicsinussurgery, 9 anddentalprocedures. 10 Theseanalyses reported successful outcomes without higher perioperative morbidity. However, small sample sizes and lack of HIV-noninfected comparison groups 11 limited the ability to provide definite conclusions.
Conflicting research has addressed morbidity and mortality in HIV-infected patients undergoing operative procedures since the advent of HAART. There are indications that use of HAART has resulted in better surgical outcomes. When HAART was used as part of a treatment regimen, improved complication rates were seen in women undergoing cesarean section, 12 gynecologic surgical procedures, 13 laser surgery to treat anal condyloma, 14 and cardiac valve replacement. 15 However, these studies included small samples, lacked HIVnoninfected control subjects, and dealt with specific operations, which limits their generalizability. Further, others found a higher rate of complications with cesarean section in HIV-infected patients compared with HIVnoninfected patients. 16 A lower CD4 cell count may be an independent predictor of worse surgical outcome. 17 Thus, the belief persists that HIV-infected patients generally do worse perioperatively, and some surgeons are still reluctant to perform surgery in these patients. 18 We studied the effect of HIV immune status and HIV disease outcome measures on operative morbidity and mortality in HIV-infected patients compared with HIVnoninfected patients in the modern antiretroviral treatment era. We matched HIV-infected and HIVnoninfected patients with similar demographic data who were undergoing the same surgical procedures to ascertain whether HIV-infected patients have worse surgical outcomes. We examined the effect of HIV disease properties (CD4 cell count, HIV viral load, and use of antiretroviral treatment) on operative morbidity. With sufficient numbers and diversity of types of surgery, we ascertained a more definitive answer to the safety of surgery in HIV-infected patients.
METHODS
We performed an observational cohort analysis of surgical outcomes at Kaiser Permanente Medical Care Program-Northern California (KPNC) in HIV-infected patients undergoing surgery from July 1, 1997, through June 30, 2002 , and compared surgical outcomes and morbidity with those in matched HIVnoninfected patients. Kaiser Permanente Medical Care ProgramNorthern California is an integrated health care system providing outpatient and inpatient care including surgical, medical, and ancillary care. Administrative (electronic) databases include diagnoses, laboratory values, procedures, hospitalizations, office visits, demographic data, and vital status (known to be alive or dead) for more than 3 million patients. Separately, since July 1, 1988 , demographic data including age, sex, race/ethnicity, HIV risk behavior, and other HIV-specific data for more than 12 000 HIV-infected patients have been recorded in a registry that identifies more than 95% of the HIVinfected patients in the KPNC health system. Linking the HIV registry to other KPNC data systems, including membership, outpatient and inpatient diagnoses and visits, and laboratory and pharmacy databases, we can electronically track diagnoses (inpatient and outpatient), procedures (including surgery), laboratory values, radiologic findings, and other pertinent data.
From the registry, we identified all HIV-infected patients who underwent an operative procedure from July 1, 1997, through June 30, 2002 . Administrative data systems were queried to find HIV-noninfected patients who matched these HIV-infected patients based on the following criteria: sex (exact), type of operation (exact), age at surgery (closest possible), medical center where the operation was performed, and year of operative procedure (closest possible). Data systems did not permit matching to specific surgeon or to race/ethnicity. Most frequent surgical procedures were selected for analysis, including appendectomy, cholecystectomy, hernia repair (inguinal, umbilical, and ventral), colon resection, arthroplasty (knee or hip), arthroscopy or arthrotomy, coronary artery bypass, cardiac valve replacement, mastectomy, laparoscopy or laparotomy, and hysterectomy (with or without oophorectomy). We excluded operations classified as minor procedures at KPNC.
Electronic databases were accessed to extract the following data: hemoglobin level; white blood cell count; CD4 count (cells per microliter); HIV viral load (Chiron branched DNA count per microliter); dates of surgery; demographic data, including HIV risk factor; and pharmacy dispensing of HAART (Ն3 antiretroviral medications within 180 days) before surgery. We performed manual medical record reviews of all patients in the study to examine the surgical record and operative report. Manual reviews provided confirmation of the surgery as recorded in the administrative database; presence of comorbidities including diabetes mellitus, hypertension, cardiac disease, and congestive heart failure; smoking history; urgency of surgery, defined as the expectation before surgery that the patient would have imminent morbidity if surgery were not performed; preoperative diagnosis; use of prophylactic antibiotic agents; and presence of bacterial infection at surgery. Race/ ethnicity data, collected at admission, were extracted electronically from hospital databases and manually from patient paper medical records. Manual review further identified and recorded any postoperative complications, including wound infection, dehiscence, cardiopulmonary events, additional operations performed to treat surgical complications, and surgical site infection, to 12 months from the date of surgery. We defined and created criteria for these potential complications before medical record review began, and all reviewers (M.A.H., D.B.K., S.E.F., J.A.F., G.M.G., and T.L.), while not blinded to the HIV serostatus of the patient, followed these criteria. Vital status to 12 postoperative months was determined, and, if applicable, cause of death was identified. Records revealed the number of office visits to the surgeon in the 3 postoperative months.
We assessed study patients for risk of morbidity and mortality using an adaptation of the previously validated Charlson Comorbidity Index (CCI). [19] [20] [21] The CCI is the most extensively studied comorbidity index for predicting mortality using electronic databases and International Classification of Diseases, Ninth Revision (ICD-9) codes 22, 23 and is considered a valid and reliable method for measuring comorbidity and mortality risk in clinical research. 24 For each HIV-infected and HIVnoninfected patient, the CCI was applied to the ICD-9-based diagnosis codes for all inpatient and outpatient encounters in the 365 days before the admission date associated with the operative procedure, exclusive of those codes indicating an HIV or AIDS diagnosis (ICD-9 code 042-044). These CCI scores provided a basis for comparing HIV-infected patients with HIVnoninfected patients for risk of subsequent morbidity or mortality, controlling for any such risk associated with a diagnosis of HIV or AIDS.
Data were entered into SAS databases (version 8; SAS Institute Inc, Cary, NC) for analysis by research staff. Primary analysis of complication discordance within matched pairs was done using the McNemar test. Differences in preoperative measurements and demographic data (HIV-infected patients vs HIVnoninfected patients) were assessed using the McNemar test, conditional logistic regression, and the paired t test. The withinpair differences in CCI scores were tested for significance using the paired t test.
We analyzed outcome differences (complications and perioperative measurements) between HIV-infected and HIVnoninfected pairs using the McNemar and paired t tests. We had 80% power (␣=.05) to detect a 5% difference in complication rates between HIV-infected and HIV-noninfected patients, assuming the complication rate in HIV-noninfected patients was 1.5%. 25, 26 Analysis of the HIV-infected cohort was performed using the Fisher exact test and logistic regression. We performed all analyses using MVS, release 8 (SAS Institute) and STATA (version 8SE; StataCorp, College Station, Tex) statistical programs. Institutional review board approval for protection of human subjects was obtained before the start of data collection, with waiver of informed consent granted. All appropriate Health Insurance Portability and Accountability Act rules were followed.
RESULTS
We identified 352 HIV-infected patients and 352 matched HIV-noninfected patients who were operated on from July 1, 1997, through June 30, 2002 . Twenty pairs were excluded because the chart for half of the pair was unavailable for review; thus, 332 HIV-infected-HIVnoninfected surgical pairs were available for analysis.
Matching results and patient characteristics are given in Table 1 . There was 100% match for sex and operative procedure type. There was no statistically significant difference between HIV-infected and matched HIVnoninfected patients for age (63% matched within 12 months of age, 87% matched within 3 years of age, and 99% matched within 5 years of age), medical center (95% matched to the same medical center), and year of procedure (96% matched within 12 months). The HIVinfected and HIV-noninfected groups had statistically different laboratory values for hemoglobin level (13.6 g/dL; 95% confidence interval [CI], 13.4-13.8, vs 13.9 g/dL; 95% CI, 13.7-14.1; P=.05) and total white blood cell count (6.9ϫ 10 3 /µL; 95% CI, 6.4-7.6, vs 9.0ϫ 10 3 /µL; 95% CI, 8.3-9.7; PϽ.001) measured within 30 days before surgery. These lower values are common in HIV-infected patients. The HIV-infected group included fewer Asian and more African American patients, and fewer patients with hypertension (all PϽ.05). Forty-three HIV-infected patients (13.0%) had 1 comorbidity or more, as did 54 HIVnoninfected patients (16.3%; P =.22).
The surgical procedures analyzed are listed in Table 2 . Most (80.8%) were abdominal or pelvic procedures; 8.4% were cardiac or breast procedures; and 10.8% were orthopedic procedures; no neurosurgical, urologic, or otolaryngologic procedures were performed. No difference was found for urgency of need for surgery, and more than half were elective procedures. The mean CCI score for HIV-noninfected patients was 0.35 (95% CI, 0.26-0.44) compared with 0.44 (95% CI, 0.35-0.52) for the HIVinfected patients. The mean within-pair difference (HIVinfected patient score minus HIV-noninfected patient score) was ϩ0.08 and was not statistically significant (P =.13, paired t test), implying that the matched pairs were comparable for surgical risk at the time of their operations, aside from any risk attributable to HIV or AIDS.
Among the HIV-infected patients (Table 3) , median years known to be HIV-infected was 8.4 years, with 69.6% having an AIDS diagnosis before the operative procedure (24.7% with a previous opportunistic infection). In 225 patients (67.8%), HAART was dispensed within 180 days before surgery. Median CD4 cell count was 379/ µL, with 61.5% of patients having viral loads of less than 500 copies per milliliter (c/mL) before the operation.
Outcome measures are given in Table 4 . More bacterial infections were diagnosed just before or during the procedure in the HIV-infected patients (11.1% vs 6.9%; P=.03). However, most such infections in both groups were in the patients undergoing appendectomy. Forty- three percent of these infections were in HIV-infected patients undergoing appendectomy compared with 5% in patients not undergoing appendectomy (PϽ.001). Findings were similar in HIV-noninfected patients: 32% vs 2%, respectively; PϽ.001).
No significant difference in most complication rates existed between the 2 cohorts (composite odds ratio [OR], 1.11; 95% CI, 0.64-1.92; P = .79). Concordance between the matched pairs for occurrence (6 pairs) or no occurrence (267 pairs) of any complication existed for 82.2% of the pairs. In 31 pairs (9.3%), complications occurred in the HIV-infected patient but not the HIVnoninfected patient; this pattern was reversed in 28 pairs (8.4%). No statistically significant difference was found for delayed wound healing, surgical site infections, wound dehiscence, number of complications, length of hospital stay, number of follow-up visits to the surgeon, or need for further operative procedures to treat surgical complications.
The HIV-infected patients had more incidences of postoperative pneumonia (2.4% vs 0.3%; P = .02). All incidences of pneumonia in 8 HIV-infected patients and 1 HIV-noninfected patient were bacterial and resolved with antibiotic therapy, without apparent sequelae. One other HIV-infected patient developed Pneumocystis jiroveci pneumonia and died 43 days after the surgical procedure.
When the operations were grouped by anatomical location and type (abdominal, gynecologic, breast, orthopedic, or cardiothoracic), no group demonstrated a statistically significant difference in complication outcome 
test).
The HIV-infected patients had greater cumulative mortality at 12 months (OR, 5.0; 95% CI, 1.1-46.9; P=.04). The absolute risk difference for death at 12 months was 2.4%. Table 5 summarizes the 12 deaths. Mean days from operation to death in the 10 HIV-infected patients was 106 days (range, 6-318 days) and in the 2 HIVnoninfected patients was 180 days (range, 54-307 days). The causes of death varied. While none of the causes appeared to be a direct consequence of the operation, 2 deaths were within 30 days of the operation (multiple organ failure secondary to lymphoma, and sudden death presumed secondary to arrhythmia).
As summarized in Table 6 , in HIV-infected patients, CD4 cell count less than 50/µL was associated with a statistically significant higher complication rate than was CD4 cell count greater than 50/µL (36.4%; 95% CI, 7.9-64.8, vs 10.0%; 95% CI, 6.5-13.4; P=.006). However, in those with CD4 cell counts greater than 50/µL, no trend to higher complication rates was found. Using a CD4 cell count of 200/µL as a cutoff point, CD4 less than 200/µL (13.3%; 95% CI, 4.7-21.9) was not associated with higher complication rates than a CD4 cell count greater than 200/µL (10.3%; 95% CI, 6.5-14.2; P=.50). In HIV-infected patients, viral loads greater than 10 000 c/mL were associated with a higher complication rate (20.7%; 95% CI, 10.3-31.1, vs 8.6%; 95% CI, 5.1-12.2; P=.008), with most of the increase in complications seen in patients with preoperative viral loads greater than 30 000 c/mL. Among patients with a CD4 cell count less than 200/µL, only 1 (3.6%) of 28 with a viral load less than 500 c/mL had any complication, but 11 (34.4%) of 32 with a viral load of 500 c/mL or more had any complication (P=.003). However, only 1 (8.3%) of 12 patients with a CD4 cell count greater than 500/µL and a viral load greater than 10 000 c/mL had any complication.
At logistic regression, the OR for any complication associated with HIV viral load greater than 30 000 c/mL was 2.96 (95% CI, 0.91-9.65; P=.07), controlling for CD4 cell count, sex, HAART use, HIV risk factor, and race/ ethnicity. Using the same model, the OR for any complication associated with CD4 cell count less than 50/µL ‡Total with laboratory in 180-day preoperative period (CD4 cell count) and 90-day preoperative period (HIV viral load).
§Fisher exact test, comparing complication rates of CD4 cell count less than 200/µL vs CD4 cell count greater than 200/µL. P = .007, Fisher exact test, comparing complication rates of viral load of 30 000 c/mL or greater vs viral load less than 30 000 c/mL. ¶Fisher exact test, comparing viral load less than 10 000 c/mL vs viral load greater than 10 000 c/mL. 
categories of CD4 cell count, HIV viral load, sex, HIV risk factor, or race/ethnicity approached significance.
Patients with a history of HAART use within 180 days before surgery had a similar complication rate (11.9% vs 13.8%; P=.69) as patients without a history of HAART use. Using the logistic regression model, the OR for any complication associated with 0 to 2 HIV medicines used in combination was 1.14 (95% CI, 0.47-2.77; P=.78), controlling for a CD4 cell count, HIV viral load, sex, HIV risk factor, and race/ethnicity.
COMMENT
To our knowledge, this study is the largest analysis of surgical outcomes for HIV-infected patients compared with matched HIV-noninfected patients in the modern HAART era. We did not find a statistically higher complication rate, except for incidences of postoperative pneumonia and potential 12-month mortality, between the 2 groups matched for sex, age, surgery type, year of operation, and medical center. The HIV-infected patients did have higher 12-month mortality, but the causes of 10 observed deaths were not thought to be surgically related. Among the HIV-infected patients, those with a CD4 cell count less than 50/µL had a higher complication rate, but above this level there was no association of a CD4 cell count with outcomes. Patients with HIV viral loads greater than 10 000 c/mL (primarily, Ͼ30 000 c/mL) also had higher complication rates than those with lower HIV viral loads. Use of HAART before the operative procedure resulted in no appreciable decrease in complications.
The study's significance relates to its size, varieties of common operations represented, and matching of HIVinfected patients with HIV-noninfected control patients. We had initially predicted a lower overall complication rate in the HIV-noninfected patients, but our results are consistent with the literature for HIVnoninfected patients undergoing similar surgical procedures. [27] [28] [29] [30] [31] [32] [33] While the HIV-infected patients had a higher prevalence of bacterial infection at surgery, this did not predict a higher postoperative infection rate (19 [5. 7%] of 332; P=.32), nor did these patients have a higher surgical site infection rate up to 12 months (P = .60). Patients who were HIV positive did not have a greater need for further surgical interventions to manage first surgery complications. In both groups, most bacterial infections at surgery occurred in patients requiring appendectomy. This result is expected in HIV-infected patients because acute appendicitis in the presence of HIV infection is associated with less leukocytosis, often delaying diagnosis. 34 The 2 cohorts had comparable CCI scores when HIV disease was not considered, implying greater comorbidities when HIV disease in the HIV-infected patients is further calculated in the risk index. Thus, the HIV-infected patients would consistently have a higher CCI score than the HIV-noninfected patients if we had included that disease factor in the calculations. Usually, higher risk stratification scores lead to greater postoperation complications 24 ; we did not note this phenomenon. In this study, the matched pairs had similar rates of complications for most outcomes studied.
Type of surgery (abdominal, gynecologic, breast, orthopedic, or cardiothoracic) did not produce statistically significantly different rates of complications between the matched HIV-infected and HIV-noninfected patients. This finding is those of similar to previous studies with far fewer HIV-infected patients. [13] [14] [15] [16] However, there was a trend toward more complications in the HIVnoninfected patients undergoing cardiothoracic surgery; potential selection bias of the HIV-infected patients undergoing these operations cannot be excluded.
Concerns have been raised that HIV-infected patients have longer hospital stays and greater follow-up, affecting outcomes. 35, 36 We found nearly identical numbers of hospital days and surgical follow-up visits in HIVinfected and HIV-noninfected patients.
Mortality at 12 months was different in the HIVinfected patients compared with the HIV-noninfected patients, both when matched (P = .04) and unmatched (P=.02). However, at review of the cause of death in these patients (Table 5) , no cause could reasonably be attributed to the surgery itself. Two HIV-infected patients died within 30 days of their operation, and these would be included in operative mortality statistics. The overall mortality rate was small for either group (3.0% vs 0.6%). Of the 10 HIV-infected patients who died within 12 months after the operation, 8 had CD4 cell counts less than 200/ µL, with a median CD4 cell count of 101/µL.
The HIV-infected patients with HIV viral loads less than 30 000 c/mL and those with CD4 cell counts greater than 50/µL had fewer adverse outcomes, and previous studies have indicated this dichotomy. 16, 17 Treatment with HAART has been indicated as being protective against opportunistic and other infections in patients not undergoing surgery. 37, 38 We did not find a protective effect; our results indicate that a history of HAART use 180 days before surgery did not lead to a lower rate of postoperative complications compared with no history of HAART use, even when analyzed with multivariate logistic regression. Our results indicate that a higher HIV viral load seems to be a greater predictor of surgically related complications than either the CD4 cell count or the presence or absence of HAART use.
There are limitations to our study. Inasmuch as this was an observational cohort analysis, we cannot preclude any selection bias in the HIV-infected patients. To the extent that these procedures were elective, sicker patients may have been less likely to undergo surgery. Our data systems would not capture such occurrences. Further, HIV-infected patients with postoperative complications may have been brought to the medical centers more frequently than HIV-noninfected patients with similar complications, leading to higher incidence reporting of such complications (eg, pneumonia) in the HIV-infected group. Medical record review precluded blinding the reviewer to the patients' HIV status. While thought to be few, operations performed outside of KPNC could not be evaluated. does not record socioeconomic status or level of educational achievement, and these potential covariates were not available for analysis.
Twenty pairs were not available for analysis, and some HIV-infected patients did not have CD4 cell counts (9%) and HIV viral loads (9%) measured in the period before surgery that was evaluated. Further, we had fewer patients with lower CD4 cell counts, resulting in wide CIs for the proportion with any complication and the OR from the logistic regression model. Thirteen (4%) of the HIVinfected patients and 20 (6%) of the HIV-noninfected patients were lost to follow-up before 12 months. In a sensitivity analysis, if all of these missing patients died, the mortality differential at 12 months loses its statistical significance (P value increasing to .75).
CONCLUSIONS
We found a higher incidence of postoperative pneumonia and potential 12-month mortality in HIV-infected patients undergoing surgical procedures compared with HIV-noninfected patients undergoing similar procedures, but we did not discover a higher incidence of other complications between the 2 groups. The HIV-infected patients with CD4 cell counts less than 50/µL or with HIV viral loads greater than 30 000 c/mL had higher ORs of complications compared with HIV-infected patients with CD4 cell counts greater than 50/µL or with HIV viral loads less than 10 000 c/mL. Patients with HIV are living longer and regaining a substantial amount of immune function. Many HIV-infected patients will require surgical attention because of a variety of disorders. In many cases, HIV serostatus should not be a criterion when determining the need for surgery if patients have adequate viral control. 
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